Objective: This study evaluates the contribution of measures for social cognition (SC), executive functioning (EF) and dysexecutive behavior to the statistical prediction of social and vocational participation in patients with traumatic brain injury (TBI), taking into account age and injury severity.
INTRODUCTION
Traumatic brain injury (TBI) is a major cause of mortality and disability 1, 2 , with worldwide 10 million new cases annually. 3 In particular moderate to severe TBI results in a wide range of emotional, cognitive and behavioral sequelae [4] [5] [6] , with a negative impact on long-term participation 7, 8 .
Participation refers to people's societal roles, including the maintenance of social relationships and vocational functioning. 9 Many patients who have sustained moderate to severe TBI encounter problems in the resumption of social and vocational roles and may become socially isolated. 10, 11 Therefore, it is important to find the predictors of an unfavorable outcome and to identify patients at risk for participation problems at an early stage. Such a prediction entails an analysis of clinically relevant variables in regression models, with the purpose of allowing the prediction of forthcoming problems. This allows timely intervention treatment or counseling aimed at preventing an unfavorable outcome.
The majority of the studies investigating long-term outcome following TBI have focused on personal and environmental predictors like age, pre-injury unemployment, pre-injury substance abuse, or injury severity. 12, 13 These variables have been found to be significant predictors of outcome in regression models. 14, 15 Adding cognitive measures of information processing speed, memory and executive functioning (EF) to injury severity and demographic predictors was found to significantly increase the strength of outcome prediction models. 8, 16, 17 In particular, deficits in executive function have been identified as important barriers to work and societal participation post-TBI. 16, 18, 19 Since executive functions are crucial for effective goal-setting, planning and switching, they enable adaptation to novel and complex everyday life situations. 20 Two studies reported that EF explained a unique part of the variance in work and functional outcome post-TBI 16, 18 , as well as in social integration. 21 There is increasing evidence that in addition to cognitive and executive deficits, impairments in social cognition are also frequent in moderate to severe TBI. [22] [23] [24] [25] Social cognition (SC) refers to the processing of social information and includes the ability to perceive social cues, for instance facial emotional expressions. It also entails the understanding of the mental states of others, that is, their thoughts, feelings and intentions, also referred to as Theory of Mind (ToM). 26, 27 Both, emotion recognition and ToM can be measured with specific tests. In a growing number of studies it has been found that social cognitive information processing skills, measured with tests for emotion recognition and ToM, are related to inadequate psychosocial behavior following TBI. [28] [29] [30] Hence, it seems plausible that the presence of such behaviors may also influence work and societal participation negatively. To date, only one study investigated the impact of social cognition deficits on participation. Ubukata and colleagues found that impaired ToM was a significant predictor of incomplete self-reported functional outcome. 31 However, studies that investigate the extent to which different aspects of SC are related to different domains of participation (work, social reintegration), and in particular, that compare the predictive value of these measures to usual measures of EF, are lacking Furthermore, Struchen and colleagues (2011) found that self-perceived social communication and behavioral problems contribute significantly to self-reported poor functional and social integration outcome after TBI. 21 This suggests that in addition to tests for EF or SC, measures of problematic daily life behaviors may also be relevant indicators of participation problems. Baddeley and Wilson (1988) introduced the term 'dysexecutive syndrome' which describes the behavioral changes that used to be associated with damage to prefrontal brain areas. 32 The dysexecutive syndrome includes both, difficulties in planning and organization that are likely the result of EF impairments, as well as changes in social and interpersonal behavior that might be a consequence of impaired social cognition. In particular, behavior can be described by excess and by default.
Damage to the frontal convexity might be at the root of egocentricity, lack of initiative, and planning deficits whereas orbitofrontal damage gives rise to emotion regulation deficits, resulting in agitation, disinhibition, irritability, and loss of social norms. 33, 34 A well-known instrument to measure these dysexecutive behaviors is the Dysexecutive Questionnaire (DEX). 35 The DEX consists of a self-report and proxy-rated version. As poor self-awareness is frequently seen in patients with TBI, including ratings of the patients' dyexecutive behavior in everyday life by a significant other seems crucial. 36, 37 The present study was conducted to investigate the predictive value of tests for EF and SC as well as of a questionnaire for dysexecutive behaviors, for social and vocational participation in the chronic stage after moderate to severe TBI. Our aim was to establish whether measures of emotion recognition and Theory of mind had added predictive value beyond the value of measures of proxyrated dysexecutive behavioral problems and EF, after controlling for age and injury severity.
METHODS

Ethics statement
This study was part of a prospective multicenter randomized controlled trial (RCT) aimed at evaluating behavioral changes following TBI, approved by the medical ethical committee of the University Medical Center Groningen, the Netherlands (METc2011.094) and registered with study ID ISRCTN81350364. All participants gave informed written consent prior to study inclusion, granting permission to use personal information for research purposes, and were treated in accordance with the declaration of Helsinki.
Participants and procedure
The patient group consisted of 63 participants with TBI (51 male, 12 female). A total of 52 of them had previously been admitted to the Neurology or Rehabilitation department at the University Medical Center Groningen (UMCG) and 11 had been treated in two other Dutch rehabilitation centers.
Neurologists or rehabilitation physicians referred patients with behavioral problems or suspected SC impairments as part of a routine follow-up after neuropsychological testing. Eligible candidates (a) had an age between 18 and 65 years, (b) had sustained a moderate to severe traumatic brain injury, (c) were outpatients in the subacute and chronic phase, (d) had no severe cognitive comorbidity (i.e., amnestic syndrome, global aphasia, neglect or dementia), (e) had no serious psychiatric disorders (i.e., depression) or other neurological diagnoses, (f ) were eligible for rehabilitation treatment and (g) suffered from impairments in social cognition as indicated by defective scores on the FEEST 44 and /or behavioral changes as indicated by proxy-ratings on the Dysexecutive Questionnaire. 35 All patients underwent neuropsychological assessment at the hospital or rehabilitation center. This assessment included a semi-structured interview with a neuropsychologist, measuring the levels of social and vocational participation, tests for SC and EF, and a questionnaire for dysexecutive behavioral functioning. A proxy of the patient (life partner, family member, or friend) completed the Dysexecutive questionnaire. The participants with TBI were classified according to the Mayo classification. 38 This classification is either based on the Post-traumatic amnesia (PTA) duration, initial Glasgow Coma Scale score (GCS) or imaging data. The imaging data had been used to help identify patients with a suspected mild TBI, for whom no reliable PTA or GCS score was available and who had to be excluded from this study. Using these criteria, 24 patients with TBI were classified as moderate and 39 as severe. For 57 patients data about the duration of the Post Traumatic Amnesia (PTA) were available; mean PTA duration was 32.4 days (SD 41.1), with a range from 1 to 182 days. To classify the 6 patients without a PTA score, GCS scores or imaging data (interpreted by a neurologist ) were used for classification. Of all patients, 43 had survived a traffic accident (68%), 19 a fall (30%) and 1 a non-violent external force (2%). Mean time since injury was 105 months (SD=103) on average, ranging from 6 months to 35 years. The TBI group had a mean age of 42 years (SD=13, range 18-64). Median educational level was 5 (39%) on a scale ranging from 1 (primary school dropout) to 7 (university degree). 39 In order to assess whether patients had impairments in SC, EF and dysexecutive behavior we tested for differences between the scores of patients with TBI and the scores of two separate healthy control groups who had taken part in earlier studies at our department. 40, 41 Exclusion criteria for these healthy controls were (a) the presence (or history) of severe neurological or psychiatric disorders, (b) being a psychology student. The two healthy groups were separately matched with the patients for age, education and gender. The first group consisted of seventy-two healthy controls, for whom test scores for SC and proxy-ratings on the DEX questionnaire were available; these controls had a mean age of 45.0 (SD 15.4), mean educational level of 5.2 (SD 1.3) and a male/female ratio 68/32.
Chi-square and t tests showed no significant differences with the TBI patients with respect to: male/ female ratio X 2 =0.42; p = .52, age t (134) = -.91, p = 0.36, educational level t (134) = 1.27, p = 0.21. In the second healthy control group, forty-five controls had completed the tests for EF. In this group mean age was 47.1 (SD 11.8), mean educational level 5.3 (SD 0.9) and male/female ratio 67/33. Again, no differences were found with the TBI patients for male/female ratio X 2 =2.75; p = .10, age (106) = -1.85, p = 0.07 and educational level t (106 ) = -1.50, p = 0.14 respectively.
Measures
Social and Vocational Participation
The Role Resumption List (RRL) 42 assesses changes in the amount and the quality of roles in different domains of everyday life. It is based on a semi-structured interview. In the present study, we used two RRL sub-scales: Return To Work (Participation RTW) 43 and Social Roles (Participation SR) 42 . Both domains were rated by an assessor who was blind for test and questionnaire results. For Participation RTW ratings were given on a 5-point scale (0 = full return to former job/study, 1 = return to former job/study, but with lower demands (i.e. less tasks, less working hours), 2 = working on a lower level, 3 = working in a protected environment, and 4 = no work or study at all). Participation SR ratings were also given on a 5-point scale with the following steps: 0= no change at all in social relations, 1 = no change in social relations, but with lower intensity or frequency, 2 = some change or loss in social relations and, 3 = poor ability to maintain social relations and serious loss of social relations, 4= inability to maintain social relations at all.
Social cognition
Emotion recognition. The Facial Expressions of Emotion: Stimuli and Tests (FEEST) 44 , is a test for facial emotion recognition (happiness, anger, surprise, fear, disgust, and sadness). Sixty pictures are shown for 3 seconds each. Sub-scores for each emotion can range from 0-10 and the overall score ranges from 0-60
Theory of Mind. The Cartoon Test (CT) 45 is a test for ToM measuring the ability to infer mental states.
The participant is asked to describe the joke that the cartoonist intended to convey in the pictures.
The ability to understand first (non-ToM cartoons) and second order beliefs (ToM cartoons) is assessed. Answers are rated on a 4-point scale (0-3 points), with a total score ranging from 0 to 36.
The short version of the Faux Pas (FP) test 23, 46 measures the detection of a "faux pas" (a social blunder) in 10 short stories, of which 5 contain a faux pas. Discovering whether a faux pas was committed (and if so, recognizing by whom) is scored and forms the FP detection score, ranging from 0 to 10.
Executive function
Planning. The Zoo Map Test, a subtest of the Behavioral Assessment of Dysexecutive Syndrome (BADS) 47 , measures planning and problem-solving. 48, 49 The Zoo Map Test is ecologically valid and predicts executive daily life behavior. 48, 50 Participants are instructed to plan a visit to specific locations on a map. The test requires the generation of complex planning strategies and must be carried out following several restricting rules. The maximum score is 16 and the minimum score can be lower than zero.
Switching. The Controlled Oral Word Association Test (COWAT) 51 is a verbal task intended to measure verbal fluency and executive control. Participants are asked to generate as many words as possible that begin with a specific letter (D-A-T, K-O-M or P-G-R), while in the meantime they have to comply to three rules. Abwender and colleagues (2001) have stressed the importance of switching ability in verbal fluency tasks since it includes the ability to create clusters, alter search criteria and switch from one cluster to the next. 52 The total number of words generated across three trials (one minute per trial) was calculated.
The Trail Making Test (TMT) 53 is a paper and pencil task for EF. Completion time for Part B (TMT-B) was used as a measure of cognitive flexibility. In TMT-B, numbered as well as lettered circles have to be connected in ascending sequence while alternating between the two, by drawing lines. 54
Dysexecutive behavior
To measure dysexecutive behavior, a proxy-questionnaire for participants' behavioral functioning in everyday life was administered. The Dysexecutive Questionnaire (DEX) 35 measures the presence of executive and social behavioral symptoms in everyday life. Answers are given on a five-point Likerttype scale, from 0 = "never" to 4="very often" (range 0-80). The proxy-questionnaire was filled-in by life partners, family members or friends, for the patients with TBI as well as for healthy controls. A prerequisite for filling in the DEX-proxy was frequent contact with the participant, preferably on a daily base.
Statistical analysis
Spearman correlation coefficients (two-tailed) were calculated to examine the relationships between predictor and outcome variables and to examine the relationship between time since injury (TSI) and measures for SC and dysexecutive behavior. Univariate statistics (means and standard deviations for continuous variables and frequencies and percentages for categorical variables) were used to describe the participants' sociodemographic characteristics. Chi-square tests were used to test whether social and vocational participation differed across gender. To test for differences between the group with TBI and the healthy groups, T-Tests were used when assumptions for parametric tests were met, whereas Mann-Whitney U tests were performed in case of skewed distributions. Subsequently, to reduce the number of variables, composite scores were created by calculating Z-scores, correcting these for direction and adding the transformed Z-scores for the two EF-Switching tasks (Letterfluency, TMT-B), resulting in a single EF-Switching variable. The same procedure, without correction for direction, was applied to two tests for ToM (Cartoons Test, Faux Pas Test), resulting in the variable SC-ToM. Spearman correlation coefficients were calculated to analyze the relationship between tests within the SC domain and between tests within the EF domain. Two separate series of hierarchical multiple regression analyses were conducted for the outcome variables (RRL-RTW, RRL-SR). For each outcome variable in the first block, injury-severity (dummy variable, 0= moderate TBI, 1= severe TBI) and age were entered. In the second block the EF predictors were added, whereas in the third block dysexecutive behavior (DEX-proxy) and in the fourth block social cognition (emotion recognition, SC-ToM) were entered.
RESULTS
Differences between patients with TBI and healthy controls
Patients with TBI performed significantly poorer than healthy controls on all measures of SC and EF (Table 1) . Further, proxies of patients with TBI reported significantly more behavioral problems on the DEX compared to the proxies of healthy controls. 
Correlations between TSI and test results, and within the SC and EF domain
In the patient group, time since injury was significantly correlated with the FEEST (R s 0.26, p = 0.04), but not with the other measures: Cartoons Test (R s -0.12, p = 0.35), Faux Pas Test (R s -0.06, p = 0.62), DEX-proxy (R s 0.13, p = 0.32), Letterfluency (R s 0.16, p = 0.22), Zoo Map Test (R s -0.24, p = 0.06) or TMT-B (R s 0.20, p = 0.12). 
Level of participation
Percentages for Participation RTW levels per score were as follows: 0 = 11%, 1 = 19%, 2 = 16%, 3 = 11%, 4 = 43%, with a median score of 3 (IQR 3). Eighty-nine percent of the patients with TBI did not return to their former level of work or study. For Participation SR the median score was 2 (IQR 0), with the following percentages per score: 0 = 0%, 1 = 19%, 2 = 59%, 3 = 22%, 4 = 0%. Not a single patient returned to the previous level of social functioning.
Correlations between participation and relevant measures
As shown in Table 2 , there were significant positive correlations between Injury severity and both participation measures, indicating that having sustained a severe TBI was related to a lower social and vocational participation score. A poor SC-ToM score and more behavioral problems, as rated by DEX-proxy, were both found to be significantly correlated with lower social and vocational participation. Age and EF measures showed no significant correlations with both participation measures. 
RRL-RTW RRL-SR
Multiple regression analyses
In Table 4 shows the results of the hierarchical multiple regression analyses with social participation (RRL-SR) as dependent variable. In block 1, injury severity and age were entered, accounting for 9% of the variance. In block 2, EF-planning and EF-switching were added, accounting for an additional 5% of variance. In block 3, DEX-proxy was added, accounting for an extra significant 8% of the variance. In the full model (block 4), when FEEST and SC-ToM were added, 10% of additional significant variance in social participation was accounted for. In sum, the full model explained 32% of the variance (F [7, 55] = 3.610, P = .003). The only significant predictors in this full model were the scores on SC-ToM and DEX-proxy. Injury severity was the only predictor that accounted for a unique significant part of the variance in the first and second block, whereas it did not contribute significantly to the final model when social cognitive and behavioral measures had been entered.
So, a higher SC-ToM score and a lower DEX-proxy score predict a lower RRL-SR score, indicating a higher level of social participation.
DISCUSSION
To date, this is the first study revealing that social cognitive impairments as well as dysexecutive behavioral problems are significant predictors of lower social and vocational participation in patients with a moderate to severe TBI in the subacute and chronic stage. Strikingly, the full prediction model, including ToM and behavioral predictors, added a unique significant amount of variance over and above models with biographical and injury related variables (age, injury severity) and EF measures only. Several studies have reported that executive dysfunction is the major predictor for poor productivity or long-term outcome 16, 18, 19 , but we found that adding measures for proxyrated dysexecutive behavior and social cognition (in particular ToM) each significantly increase the amount of variance explained. This underlines the importance of including such measures of social cognition and behavioral problems in neuropsychological assessment, as they are likely to be relevant indicators of a negative long-term outcome.
Our TBI group had impairments in SC and EF, performing significantly worse than healthy controls on all tests. This result is consistent with earlier findings. 23 As expected, proxy-ratings for behavioral problems were significantly higher in the patient group than in healthy controls. Thus, we found that our group of patients with moderate to severe TBI was seriously impaired on all aspects of EF, SC and dysexecutive behavior. In the TBI group, there were no systematic effects for time since injury as we only found a weak correlation with emotion recognition. With regard to the composite scores, significant correlations were found between the tests for ToM and between the tests for switching, which justified both aggregates. Furthermore, scores on the participation measure (the RRL) showed that 89 % of the patients had not fully returned to their previous vocational level and nobody in the patient group had attained to their previous level of social functioning. However, for both measures there was some variability with regard to the extent of incomplete vocational or social participation.
So far as vocational participation is concerned, we found that adding measures for ToM and for dysexecutive behavior accounted for a significant proportion of variance. It seems likely to assume that an inadequate understanding of the thoughts and feelings of others, as well as the presence of inadequate or inappropriate behavior may contribute to interpersonal conflicts in work situations. 55, 56 Yeates and colleagues (2016) for instance, recently reported that patients' ability for mentalizing was a crucial factor for obtaining appraisal from work colleagues. 57 In addition, executive functioning, in particular planning skills, emerged as a significant predictor in the full model as well.
However, in the regression formula high scores on this variable were associated with lower levels of vocational participation. This seemingly contradictory result cannot be interpreted in isolation but should be combined with the effect of other predictors. Moreover, EF-planning was not a significant contributor when combined with Age and Injury severity only. Nevertheless, some previous studies have found significant effects of EF measures in the prediction of participation, but until now these effects have never been compared with the predictive value of measures for SC and behavioral probl ems. 16, 18, 19 Our findings strongly suggest that measures of social cognition and behavioral problems are more powerful predictors of vocational participation than measures of EF. This is an important finding, given that the ability to return to a previous vocational level is a crucial component of overall participation and is of paramount importance in the relatively young TBI population. [58] [59] [60] This means that measures of social cognition, in particular ToM, and dysexecutive behavior, should be incorporated in early neuropsychological assessment. This may allow the identification of eventual risk factors for low vocational participation. Further, we found that severity of injury was a significant predictor of lower vocational participation across all regression blocks, as may be expected. Age has repeatedly been found to be a significant predictor of outcome as well. 13, 14 In our study, however, age was non-significant in the first blocks for prediction of vocational participation. It only reached significance in the full model, where it can be conceived as a moderator of the effects of tests for EF and SC, both known to be influenced by age differences.
As for social participation, we found that it was also significantly predicted by social cognition and dysexecutive behavior, accounting for a unique portion of variance beyond age, injury severity and EF. This finding is as relevant as the findings regarding vocational participation, given that social participation is one of the most important aspects of community integration. 61 This is not surprising, since social cognitive abilities and appropriate behavior are prerequisites for successful engagement in social contacts and the maintenance of relationships. These are in turn important aspects of quality of life and experienced caregiver burden. Ryan and colleagues (2016), for instance, report that victims of a TBI with an impaired ability to understand other people's mental and emotional states are experienced by their proxies as more distressing. 62 This is in line with our finding that both a negative judgment by proxies of patients' behavior as well as an impaired ability of the patient to understand others, are negative determinants of patients' ability to resume social roles and relationships. Facial affect recognition, however, was not significantly correlated with social participation, nor a significant predictor in the multiple regression analysis. Although it is wellknown that the ability to recognize facial emotional expressions is an important aspect of social cognition, we conclude that this ability is not decisive in social participation after TBI. Apparently, the ability to use this information to understand others (ToM) is more essential. This is in line with results from studies that found training of emotion recognition to be effective in itself, though it did not result in better social outcomes. 63, 64 Furthermore, injury severity was a significant variable in the first and second block of the prediction of social participation, indicating poorer social participation for the patients with a severe TBI, in line with previous studies. Wells and colleagues (2009), for instance, found that injury severity accounted for 15 percent of the variance in social participation outcomes when analyzed together with age and environmental factors as predicto rs. 13 However, in our study, after entering the behavioral and SC variables neither injury severity nor EF were significant predictors anymore. Again, this finding suggests that measures of ToM and dyexecutive behavior are the most powerful predictors of social participation and should always be included in neuropsychological assessment, to allow early identification of risk factors for successful social participation.
The present study has some limitations. Relevant injury data were not available for all patients, i.e. for some patients initial GCS scores were lacking, for others PTA durations were not available and imaging data were incomplete. However, by applying the Mayo criteria 38 , we were able to classify our patients according to their available injury related variables into severity categories and to distinguish moderate from severe traumatic injuries. In this study, we selected participants based on SC impairments or social behavioral problems, narrowing the possible range of relevant predictors.
Therefore, the explained variance might have been larger in a more heterogeneous group of patients with TBI. Further, it should be kept in mind that while hierarchical multiple regression analysis allows for testing several steps within the model, it does not allow to draw conclusions regarding causality.
The analyses only test relations between variables in a given model which is based on correlations.
Finally, there are other demographic predictors that may influence outcome after TBI, for instance time since injury, gender and educational level. Our small sample size restrained the number of potentially relevant predictors. Besides that, a larger patient sample would have allowed for a more comprehensive regression analysis, measuring the predictive power of SC and executive behavior beyond measures of attention, memory, mood or fatigue that might also have been of influence on either social or vocational participation.
Nevertheless, based on our present findings we conclude that TBI survivors with SC deficits and behavioral difficulties are at risk for poor social and vocational participation, a clinically relevant finding. When neuropsychological assessment is possible at an early stage after injury, we strongly recommend to incorporate such tests for social cognition and questionnaires for dysexecutive behavior. Timely identification of social cognitive or behavioral risk factors allows early counseling or treatment, aimed at the prevention of an unfavorable long-term outcome.
